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Urea granules are videly applied for manuring purposco, either 
aa Buch or as a couqponent of a mixture of different fertiliaero, The 
sisse of the urea granules depends on their use, and is, for example, 
1.5— k vm for bulk hlending and 5-10 am far forest fertiliser dressings. 
Urea granules are produced hy granulation of a urea melt, vhiclf is 
. preopored in urea synthesis units* In order to keep dovn capital outlets 
and the costs of qperation, it is generally desirahle £6r the granulation 
of the entire production of a urea synthesis unit to he carried out in 
one granulator unit only. Ihis is possible in the urea "prilling" process, * 
vhich comprises spraying a suhstantially anhydrous urea melt in the top 
of a tover, and cooling the resulting droplets dtaring their fall vith 
upvardly flowing cooling gas so that they ore solidified. Urea prills 
contain internal cavities , vhich are formed oiring to the shrinkage 
occurring during the rather sudden solidification of the material, and 
vhich cause internal stresses in the prills. As a conseguence urea priUc 
ore neehanicaUy veak; they have a loir, crushing strength, a low ii^ct 
resistance, and a tendency of farming fly dust oi/ing to abrasion, vhich 
properties » among other objections, render the prills unsuitable for 
pneumatic transportation. Fly dust is an extremely fine, hydroscopic povder 
vhich pollutes the vorking atmosphere, and hence is objectionable to 
pcrsoQnjsL in' charge of handling, the material. Furthermore , this dust give 
rise to problems in' sealing the plastic bags' in lAich the prills are packed. 
r V rjn.an article in "nitrogen" 95/ pp. 31-36 (1975),. tvo techniq.ue8. are 
•^eeorlbad .fbr the production of urea granules having greater haanlness and 
stp^angth and, if desired, a larger diameter than urea 'prills. According to 
both techniques a substantially anhydrous melt of urea is sprayed on to 
urea nuclei , in one case in a can granulator and in the. other in a drum 
granulator of special construction. The urea granules produced by these 
techniques have better physical properties than.turea prills. A disadvantage 
of these techniques is, hovever that both con granulatoxo and drum granulator?. 
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when having practically feasible dimensions, only have a limited 
capacity, so that mostly aiore than one granulator is needed for 
processing the production of a urea synthesis unit into granules. 

It is .in object of the present invention to provide a process 
for the production of urea cpranules having a desired size between 1 .5 
and 2$ ma or even larger dimensions » a good sphericity and a smooth • 
closed surface, a hich crushing strength, a great resistance to ingpoct 
and a alight tendency of forming fly dust throu^ abrasion, so that for 
one thing they ore suitable for pnewsatic transportation, and vhich 
granules reisain free flowing even after prolonged storage, have on 
excollont chemical composition: low values for woisture, biuret, fi-ee HH^ ' 
and COg contents (low buffer capacity), ore excellenty suitable for 
technical uses, and form an excellent substrate for the production of 
slou^release urea (such as suXphitr-coated urea). 

This object is realized, according to the invention, 1^ spraying 
an aqueous urea solution having a urea concentration of 70-99. 9j» by 
weight, on to fluidizcd urea nuclei in the form of droplets having a 
mean drop diameter of 20-120 ^ , preferably lo-ion pm and In particular 
30-60 and a temperature at which the water evaporates trosk the 
solution sprayed on the nuclei and urea cristallizes on the nuclei to 
form granules having a desired size. 

During the fluid-bed granulation the granules being formed are 
continuously exposed to vigorous collision and friction with other particles 
irtiich is apt* to cause abrasion of the top layer of the granules to * 
form fine dust. 

It has been found that this dust formation con be depressed 
1:^ spraying the urea solution in the fom of very fine droplets having 
an average size of 20-120^, which, oncae deposited cn the granules, 
dry so rapidly that the top layer is continuously kept "dry"; this dry, i.e. 
anhydrous top layer is much better resistant to abrasion than a **wet**, i.e. 
water containing top layer. 
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It has further been found that the formation of dust can be 
substontialOy avoided if , in accordhnco vith a preferred embodijaent of 
the proceas according to the invention » there is added to the urea 
solution to be sprayed a ciystaUisation retardant ftop urea, which, 
retards the cxystaUisation of the urea deposited on the ^anules,. so 
that the top layer, alt;hough free of voter, contains a relatively larse 
proportion of liquid phase for some tine and thereby remains plastic , 
vhich has turned out ibo ^fnhance oonsldexably the resistance to dust 
formation. This addition is laore ijiportant when the urea concentration 
of the urea solution to be sprayed is lower, in particular less than 
95? by weifiht, and more particularly less than 90^2 by weight . 

Ihe application of this preferred embodiment of the process 
accordins to the invention is productive of urea crnnules having on 
exceptionally high resistance to dusfcformatidh. . 

^ferred crystaJLlisation -retardants fbr the urea are fbjnnald^de 
and vater-soluble addition and/or condenoation products of -Ibroaldehyde 
and urea, The proflnotion of vater-soliaOe addition products of fonakldehyde 
and urea is kno«n» for exan^e, from U.S.patent 3,06T,m, and the 
production of water-soluble -condensation products- of formaldehyde and 
urea, is disclosed in US patent 3,U2,3k3. It is aldo possible to use 
addition products of formaldehyde and urea produced in the first place iii. an 
altoline medium and then condensed in a acid medium to foim thin-liquid to 
fityrqpy liquids, such as the liquid adhesives used -in the chipboard industry, 
aaie crystallization rfitardan* is preferably added in a proportion of 
0.1-2.0 g, preferably O.I-I.OiS, most preferably 0.5-1 .OjS, calculated 
as formaldehyde oh the weight of the urea solution- 

The aqueous uJrea solution sprayed on to the fluidiaed urea nuclei 
has a urea concentration of 70-99.9% by weight > preferably 85-96j? by 
veicht. The use of a solution having a urea concentration of 85-96j$ by ' 
weight offers various advantages. 
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In tUe firct place, in the urea eynthcsis unit, it is no lonoer 
necessary to appXj' the rather expensive concentration of the solution 
to a suhutantiully anhydrous product, as is required in the prillins 
process and in granulation with can or drum cranulators. In the second 
place, such a solution nay have a lov hitzret content, as this content 
increases markedly especially vpon evaporation, of the solution to a 
substantial anhydrous produced. In spite of the fact that, in this 
preferred embodiment of the process according to the invention the 
bolution to be granulated is not anhydrous, but contains of vater, 

it has been foiuid that a high specific granulation- capacity (the 
quantity of urea by veight that can be granulated per unit of bed surface 
area) of 2-l» ton per hour per bed surface area can be achieved. 

The urea solution is sprayed with a gas, such as air. Preferably the 
solution is sprayed within the f luidiaed bed of urea nuclei , as spraying 
on to the bed involves the risk of the sprayed droplets being entrained 
by the fluidization air issuing from the bed. The pressure of the spraying 
air i's preferably 1U7-392 kPa ata). This pressure has a highly 

important effect on the size of the sprayed droplets. The higher the 
pressure, the smaller are the sprayed droplets. The aeon drop diameter 
con be calculated on the basi of engjirical formulae which according to 
V.R.Hat^hall, "Atomization and Spray Drying", A. I. Ch. Monograph, Vol.50 
pp 7i»-T5, can be developed in. dependence upon the size of the air sprayers 
used. In the case of sprayers for granulation, the. following formula 
by Kukiyama and Taaasawa applies: 




5 



wherein: 

J> - the mean drop diameter inyim 

V « the relative velocity of the air relative to the liquid in m/sec. 

8 B the surface tension in dynes/cm 

V = the viscosity of the liquid poises 

d = the specific gi'^vity of the liquid g/cm and 

Q./Qo = the ration of the volume of liquid to the volume of gas. 
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Ttie specific gravity can be determined with reference to 
M.Frejaques, "I«es liases tlicoriquo de la synthese induatrielle de 
l»ur^ Chimie et Industrie 60 (19^*8), pp. 22-35- 

The surface tension is calculated according to the foirmula: 
b}^^ ts (S.GIasstone', Textbook of Physical Cheoistxy, 2nd Edition, 
(1996}, page ^9^}. !Ehe surface tension at boiling point is 

° ^p^p .(J.H.Perxy» Chemical Kngineera Handbooliy Iith Edition, 

C19d3) bp* 3-221 and 223). She surface tension/trial conditions is: 
d 4 

S a f ^ . She -viscosity of the urea solution is determined Iqr means 

of Xntemationol Critical Sables. She teinperature S is expressed in 
Kelvin in all instances. 

She air flov rate after adiabatic estpansion at a tcsy^ature X 
from a supercritical initial juressure P is given by = k.P. Vf. 
yrom thiq the cox^-t^t k can be calculated, as the sprayers used in the 
examples, at room temperature (20°C) and an initial pressure of 2l6 kPa 
(2,2 ata)| provide a flov rate of 30 m^/hoiar. Sherefore k. ^ O.OO8 m^/ 
h.kPa.?K I0.8O jflP/^.at.^K). From this air flov rate, the air velocity is 
calculated, vith a head diameter of 5*8 ma:, air velocity » Qg (in a'^/hour/ 
3600. surf ace area (in a^). As the liquid velocity is negligible relative to 
the air velocity ^ V can be equalised to the air velocity. ,She urea flov rate 
per sprayer is Imbvn. She calculation 5f the mean drop size viU be 
elucidated further in Example I. 

She size of the \irea nuclei supplied to the fluidized bed in 
vhicb the cr^mulation takes place ecnerally ranges between 0.2 and h mm, and 
may be larger within this range according as larger \irea granules are 
to be made. 

- She teiqpcrature of the fluidized bed of urea nuclei generally ranges 
between 70° and 110°C, prefersbly between 80° and 100*^0. Vithin these ' 
limits, the tenqpsrature may be lover . ^en the urea concentration of 
the* solution sprayed on to the nuclei is hi^er. She temperature of the 
fluidized bed can be controlled by a suitable selection of the tenperatures 
of the fluidisation air and of the urea solution being sprayed. 



The urea solution is sprnyed over the urea nuclei in the form of 
very fine droplets havinc an average diameter of 20-120 ^bd. Under the 
influence of the temperature prcvoiJinG in the fluidized hed, the vater 
is evaporated from the solution and the u-ca crystallizes on the surface 

5 of the urea nucleus. Oving to the email size of the droplet these vill 

generally he able to cover a portion of the surface of the individual 
urea nuclei only. Thus the formation of an onion-like structure of ^ 
the granules, in which the nucleus- is coated in succession with 
essentially superinposed layers is pocevented. As a oonsegpenos/ t*e gramles 
-bfttif^esent invention do not eathihit the otresses inherent in an 
onion-li^e structure. It is considered that the excellent mechanical 
properties of the urea granules according to this invention are due to 
the absence of these stresses. A further advantage of the minute drop 

' XS size of the sprayed urea solution is that the vater can he faUy 

evaporated from it in a short time. 

For the purpose of reiBOving si^rficial moisture , the resulting granules 
con be subjected, if so desired, to subsciiuent drying for about 5-10 minutes 
vith air of 100 to 150**C, so that the temperature of the granules is 
maintained between TO"* and 90*^0. Thereafter the gramaes ore preferably 
cooled to a temperature of approximately SO^'c or lover. Cooling can be 
effected in any suitable cooling apparatus, for example, in a fluidized- 
bed cooler. 

The product produced by the proce.«3s according €b the present invention 
25 contains only small, quantities of ftree HH3, CO^, moisture and biuret, 

and has such mechanical properties that it is suitable for pneumatic trans- 
portation, remains free fleving even after prolonged storage. 
A particular advantage of the process according to the invention is that 
the formation of biuret during the granulation can be prevented almost 
entirely by spraying a urea solution whose crystallization point is 
belov lOO''. Thus by spraying a urea solution having a urea content of. for 
example, 75-6535 by veight and a biuret content; less than O.i;^, 

-7- 
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urea .craiiuleo with a biuret contcmt or Icaa thmi 0,1? can be obtaiuod. 

Such urea granules ore particiaarjy desirabXp for certain crops « such 

as tobacco and tonatoos. 

The urea granules produced tfy the process of this invention are 

highly suitable for being coated vith, ftor exaaiple, sulphur, to form 

slov-releasc gramiles. as, owing to their excellent s^ericity and their 

closed surface, the required amount of coating material is minimised. 

aSje process according to the present invention can be carried out in 

any type of fluid-bed granulator. One example of suitable apparatus is 

diacrammaticaiiy shown in the accompanying drawing which shows a 

granulator 1 divided into a plurality of coB^artments 2,3,^*, 5 for the 

granulation, and a coaipartaent 6 for the subsetiuont drying of the urea 

granules. The conpartment last xoeirtioned is optional as subsequent drying 

will only be used if the granules still contain superficial water, \diich 

may be the case if a relatively dilute urea 861ution is used. Granulator 1 

coiqprises a grid 7, idiich supports the fluidiscd bed and transmits the 

air of fluidisation, preheated in one or more heaters not shown and 

supplied through conduit 8. The space below the grid can be divided in 

the same way as the space above it, into compartments, in which case the air 

to ■ 

of fluidization is ai^plied/each of these compartments. GraniLLator 1 is 
further provided at the bottom with pneumatic sprayers 9, 10, 11, 12, which 
extend to a level above grid 7- It is also possible to use two or more 
sprayers in each coinpartment. Throufiih these sprayers, the urea solution 
supplied through conduit 13,to which a '.crystallization retordant may 
have been added, is sprayed with the spraying air supplied through conduit 1^ 
into the -granulation eonpartmcnts 2, 3, ^, The fluidi^ed bed is 
constituted by urea nuclei, which are supplied by means of a screw 
conveyor 15, For the subsequent drying of the granules in compartment 6, 
granulator 1 is equipped with a conduit 16 for supplying drying air. • 
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For the removal of air and pos8iil)ly entrained du9.t particles, 
Cranulator 1 hao diccharge conduits 17, which, are connected to a 
cyclone 19, in which veiy smll eranules, of a ciae of approxiiaately 
100-500 nicron, are separated, vhich are supplied throueh conduit 20 to 
5 screv conveyor 15. The air from cyclone 19 is conducted throueh discharge 

conduit 21 to a device 22, in vhich the air is vashed with a dilute urea 
solution to remove fine dust and possibly rcmaininc very smaU granulea. 
In order that a high vashing efficiency icay be achieved, water nay be 
sprayed into the air through a sprayer 23. The air stripped of dust 
10 can escape through discharge conduit 2h, and the dilute urea solution 

formed is d1 SCharged through conduit 25. 

Cranulator 1 further comprises a bottom outlet 26 for urea granules, 
terminating over a vibratory chute 27, vhonce the granules are transported 
to a oievinc device 28, in which they are separated into a number of 
fractions, namely into an undersiae fraction, a fraction having the 
desired sizes, and an oversize fraction. The ftraction having the desired 
sizes is passed through a cooler 29 to a storage site, where ftother 
separation into fractions for different purposes can be effected. If 
desired, the cooler may be arranged upstream of the sieving device. 
20 The fraction of oversize granules separated in sieving device 28 is 

tronsported after cooline to a crusher 30 in vhich this fraction is 
crushed to the same sizes as, or sinaller sizes than, those of the undersize 
/fraction. The undersize fraction separated in sieving* device 2C is passed 
through conduit 32 to conduit 31 . in which it is conducted to screw 
conveyor 15 together .with the fraction from crusher 30- 

The process according to the present invention eon be carried out 
both continuously and batchwise. A urea solution is supplied throujih 
conduit 13 and sprayed by means of the spraying air supplied thx'ough 
conduit ll» via sprayers 9. 10, lU 12 into the fluidized bed of urea nuclei 
30 in compartments 2, 3, ^i* 5 of graaulator 1. 

-9- - - 
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The iiuantity of tarea ijranuleq, removed frqm the lluld^eea bed via 
conpartment 6*, in ^i\:h no urea solution is sprayed, and discharge 
conduit 26 is replaced by urea nuclei supplied by screv conveyor 15. 

She niae of ttie product cranulco depends on a nunber of factors, 
such as the nunaier'urea nuclei in the fluidised bed. the size of ftese 
. nuclei, the quantity of urea solution sprayed per unit of time, and 
the residence time of the nuclei in the bed. 9?hus, for exai:q;;lG. Icrtser 
product granules vill be obtained, if the number of nuclei in the fluidised ' 
bed is reduced and the residence time is jprolonced. In order that a pre- ' 
determined particle size distribution of the product may be maintained, 
it is necessary for the bed contents to be kept as constant as possible 
as resards both the particle, size distribution and the number of nuclei. 
This can be achieved by ensuring that the quantity by veight of the urea 
nuclei, tdth the correct particle size distribution, to be added to the 
fluidised bed is at all times in aereement with the quantity by weight of 
the product granules removed Itom the bed. 

It, throufijh one cause or another, deviations in the desired product 
sizes occur during the granulation process, these deviations will be 
automatically corrected, in the above-deseribed embodiment of the process: 
if the product becories too coarse, a larger oversize fraction will be 
separated in sieving device 28. the load of crusher 30 wiU be increased, 
and a larger number of nuclei will be supplied through'line 31 and 
screw conveyor 15 to the fluidized bed in granulator 1, whereby the 
average diameter of the granules is reduced. The operation of crusher 30 
should be properly controlled: if the broken product is too fine, too 
much dust is supplied to the lluidised bed, where it either entrained by 
the Huidization gas. or causes agglomeration; if the broken product is 
too coarse, too few nuclei are siqiplied to the fluidiged bed. 
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OvijAG to the £iubdivi£^ion of the fluidi^ed Led into compartzBents , 
a ft-actionation of the ci'owiiic crannies can he realized. In each 
compartment the gran^iles havine the largest dimcnaions vill mainly be 
present in the bottom part of the fluidiaed bed and easily paDs to the 
next compartment. 

The invention ic illustrated in and by the f ollovins exaiaples . . 
Example I 

In apparatus similar to that shown in the drawing, but having one 
granidation coaipartment, in vhich tvo sprayers vere disposed, l6 granulation 
tests vere performed batchwise. The sprayers used had on air-head diameter 
of 5.8 ram, a liquid-tube diameter of 3 mm and an air capacity of 500 l/tain. 
at an air pressure of 2l6 kPa (1.2 ats overpressure). In all tests, the 
fluidi^ed bed vas approximately 30 cm high. In each test 35 kg urea nuclei 
vas used as the starting material. The other data as veil as the results 
are abovn in Table A. In said Table » Formurea 80 is mentioned as one of 
the crystallization retardants. Formurea 60 is a commercially available 
product, the preparation of vhich is described in US patent 3»067y177» 
and is an agj^cus solution consisting of approximately 20 parts by weight . 
of water, 23 parts by weight of urea and 57 parts by weight of ^ 
formaldehyde, with approximately 555? of the formaldehyde being substantially 
bonded as trimethylolurea, and the balonce of the formaldehyde being 
present in non-bonded condition. 

In order to show the effect of the pressure of "the spraying air, the 
concentration of the urea solution used, and other factors on the mean 
drop diameter, and of the mean drop diameter on the physical properties 
of the product granules, the mean drop diameter has been calculated for 
all tests. The data required for this calculation and the calculated 
mean drop diameter values are listed in Tables B and C. The properties 
of the product granules are specified in Table D. 
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The m abrasion test U dep.criUed ip Special Report (1970) 
of Ap^icd Research Branch, Di-yi-Bioa of Chemical Devciopment, Tennessee 
Valley Authority, ALalKuna, 
Example II 

In the same apparatus as used in Example I. in tvo continuous process 
granulation testa. 30-35 kg urea nuclei havinff a crain sise ot 0.5-2.0 so 
vera lluidiaed i£ a granulator with approxiaateiy 700 air of 
fluidization of 120**C per hour. As soon as the urea nuclei had reached a 
temperature of approximately lOO^C, an 00% aQiCdas urea solution to vhich ' 
0.5^ by veight of Forjnurea 80 had been added vas sprayed by two sprayers 
at a rate of 120 kg/hour with spraying air of 120°C and 2k5 kPa (2.5 ata). 
ae^mean drop diameter of the sprayed urea solution was approximately QQ 
In the granulator. the teiqpelrature assumed a value of 90-100°C owing to 

the evolved heat of crystalUzation ot the m-ea and the evaporation of 

water ft^ba the urea solution. 

The average size of the. product granules is a function of the size 

of the urea nuclei suEplied and of the quantity of spz^ed urea solution. 

In test 17, granules of 2.^ mm were made and in test 16 granules of 

Ji-6 mm. * . 

The size distributioh of the product granules in the fluidiaed bed ' 
was as follows: 



Test 



17 18 



diameter ^2,5 mm> jS 30 



25 



'2.5-U mm, ? " 60 

^ '10 60 (of which 10^ of 

diameter >^ mm) 

product of desired sizes, % 60 50 

ftr continuously removing approximately 170 kg product granules per hour» 
the quantity of granules in the fluidised bed was kept constant. The product 
granules were divided \xy sieving into three fractions: 
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Tost 



J7 



16 



10 



IS 



20 



25 



product froia cranulator» kfi/h 
of desired size, )cg/h 
imdercize, kg/h 
oversize, kg/h / 



170 
102 

IT 



200 
100 
80 
20 



The oversize granules were crushed in a crusher and resusplied to 
the granulator together vith the uadersiie fraction. In this manner the 
ciao distribution of the granules in the granuUtor was kept constant. 

The product granules having the desired aiae were subjected to 
subsequent drying for 5-10 minutes vith air of 100-150**C to a product 
teinperature of hetween 70 and 90*'c. Subsequently the product granules 
were cooled to approximately 30*^C. 

During the t-ranulation, 2,8? by weight of fine fly dust was formed, 
calculated on the sprayed quantity of urea solution. 

The properties of the resulting urea granules were as follows: 
* Test .17 



2&oisture content, % 


0.10 


0.10 


biuret content, % 


0.ii5 


. oM 


formaldehyde content % 


. 0.2H 


0.23 


size distribution 
of the 
granules, % 


< 2,5 ram 1.2 
2.5-U.O mm 97.3 
> k,0 mm 1.5 


< U mm 3.U 
U-6 mm 9^.8 
^ 6 mm 1 .8 


crushing strength 
kg 


diameter 2.5 mm 3.05 
diameter 3.15 mm 3.35 
diameter k mm ^35 


diameter h xm > 5 
diameter 5 mm > 5 
diameter 6 mm > 5 


TVA abrasion test, % 


< 1 


< 1 
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TABLE A 


Test no. 




1 


. 2 




•Concentration xurca solution 


% 


72 






-Temperature spraying air 




95 






-Pressure spraying air 


kPa(ata) 


li7{K5) 


1WU5) 




-Crystallization retardent 




none 


Fonmirca 80 




- 

Granulation 
-Urea nuclei 
-Urea solution ^ 




- 

DroiEen 
granules 


• 

DTOKCn 

granules 




• concentration 


% 


72 


72 




temperature 




90 


90 






p 


none 
















IDfknn flTOT> AAr.^ 


^JBH 


uo 


ou 




—TeniDerature cranules ui 
ipranulator 




70 


80 




-Pinal ijroduct after sievinK 
end coolins 










temperature 




25 


25". ' 




• cheznical analysis 










-moisture 


- ? 


0,06 


0.10 




-fonaaldehyde eqjoivalent 


S 


none 


0.28 




-Oranulometry 










— >5»0.inm 


$ 


3.0 


2.8 • 




-,U.O - 5-0 mm 


$ 


6.9 


H.5 




- 2.5 - ^.0 mm 


% 


89.7 


90.1 




- <2.5 mm • 


% . 


• O.I» 


2.6 




-Crushing strength 










- 0 2.0 mm 


kg 


0.U2 


0.85 




- 0 2.5 mm 


3% 


0.65 


: 0.99 




- 0 3.15 mm 


5« 








- 0 I*.0 mm 


ks 









T.V.A. abrasion test 
- <1.25 ma ^ of 

3 . 1 5-^ • 0 .nrni fraction 

-Dust formation during granulation 



% dust relative to urea solution 

sprayed ' 30 8 



3 


k 


S 


6 


7 




80 


80 


80. 


90 


96 




95 


95 


95 


125 


125 






1«i7(l.5) 


2^5(2.5) 


lt»7(l.5) 


172(1.75) 






Forraurca 80 Porraurea 80 Formurea 8o Fomurea 80 




micro 


micro 


broken 


nicro 


nicro 


• 


prills 


prill? 


granules 


prills 


prills 




80 


80 


80 


90 


96 




95 


95 


95 


115 


125 




none 


0.3 


0.3 


0.3 


0.3 






85 


85 


o5 


$0 




39 


109 


51 


106 


92 




85 




100 


100 


100 




25 


25 


25 


25 


25 


• 


0.06 


0.15 


0.09 


O.Od 


0.33 




none 


0.22 


0.25 


0.23 


0.22 . 




0 


0 


0 


0 • 


15.3 




0.2 


0.9 


15*0 


17.6 


5«».5 




82.1 


98.7 


81».^ 


n.2 


' 28.4 




iT«T 


O.U 


0.6 


5.2 


2.8 




0.50 


0.98 


1.61 


0.91 


0.85 




0.70 


1.30 


2.05 


1.25 


0.97 








2.35 




1.55 








3.71 




1-rr 






2.8 


<1 


1 


<t 




•20 


5 


3 


3 


3 





* 8 


9 


10 


11 


12 


96 


96 


96 


96 


96 


120 


110 


105 


130 


130 



196(2.0) 2li5(2.5) 270(2.75) 2fc5(2.5) 2^5(2.5) 
5 Fonaurea 80 Foznurea 80 Fomarea 80 none Fonnirea 60 



20 



micro 


broken 


liroken 


"broken 


broken 


prilla 


granules 


granules 


granules 


granules 


96 


96 


96 


96 . 


96 


125 


125 


125 


125 


125 




0.3 


0.3 


acme 


0. 1 


Alt 


All 


72 


75 


75 


62 




32 


37 


37 


100 


100 


100 


100 


100 

• 


a? 


25 • 


25 


25 


25 


0.21 


0.12 


O.OS 


0.03 


0.09 


0.23 


p.2l» 


0.28 


none • 


0.12 


3.8 


20,0 


5.9 


5.6 


1.3 


1I1.6 • 


1^3.9 


k2.h 


53.^ 


55.6 


79.2 


31 




37.2 


JH.7 


z.k 


5.7 


7.5 


3-7 




1.^0 


1.68 


2.08 


1.31 


1.68 


1.78 


2.21 


2.68 


1.90 


2.21 


2.07 


2.76 


3.03 


2.19 


2.76 


3.21 


3.9^ 




3.39 


3.9'i 


0 




<1 


<1 


0 




1.5 


1.0 


2.5 


1.5 



-16- 



^6841 







^h 


15 


16 ' 




96 


96 


96 


96 


• 


130 


130 


130 


130 




21*5(2.5) 


2^45(2.5) 


2li5(2.5) 


2U5(2.5) 




Formurca 80 Foraurea 80 


Fonnoline 


U F -condensate 




broken 
granules 


broken 
granules 


broken 
Sronuleo 


broken 
granules 




9S 


96 


96 


96 




125 


125 


125 


125 




0.2 


0.3 


0.3 


0.3 




75 


75 


75 


75 




3T 


37 


37 


37 




100 


100 


100 


100 




^7 


25 


25 


25 




0.08 


0.09 


0.12 


0.08 


15 


0.19 


0.25 


0.28 


0.30 




1.1 

59.2 • 


1.3 
61.2 


1.6 
1^7.2 


6.1 
li2.Ii 




3T.9 


37.1 1 
0,k 


^3.3 






1.5 


7.9 


7.«» 


20 


t i.6o 


U68 


1.99 


1.93 




2.08 


2.23 


2.63 


2.5** 




2.83 




3M 


3.39 




. kM 


. 3.9l» 


5.20 


5.1J» - 






0: 


<1 




25 


1.0 


0.8 


0.7 


0.7 



17- 



TABIiE B 



Concentration 
urea X, 
solution 



12% 390.5 1.1*t8 25.86 1,167 27.62 0.03 261i.65 56.3807 

805? 396 1.166 26.6li 1.187 28.61 0.03 267.07 '55.7538 

90% kOli 1.192 27.99 1*206 29.32 0.03 268.23 55.161^3 

96% k23 1.200 29.28 1.222 31 .H8 0.03 276.11 5^-2195 



: 4il{8ai 

TABLE C 





Tost 


Cone, 
ureix 
solution 






j^lOOO Q,\1.5 
[ «2 / 


V 

m/sec. 


is.t 
term 


2nd 
tcria 


D 

oicron 




1 


72 


25. T 


23.0 


1.1812 




1.09 


66.60 


68 




2 


72 


23.6 


23.0 


1.039^* 




1.09 


58.60 


60 


5 


3 


80 


n.T 


23.0 


0.6751 


2U^.9U 


1.10 


37.61* 


39 


- 


b 


80 


35.8 


23.0 


1.9*H9 




1.10 


108.27 


109 




5 


80 


35.8 


38.1* 


0.9002 


^03.9: 


0,66 


50.19 


51 




6 


90 


35.2 


'23.0 


1.8933 


2ni.9li 


1.11 


10U.63 


106 




T 


96 


39.3 


27.9 


1.6718 


293.W 


0.9I* 


90.61* 


92 


10 


6 


96 


3h.U 


31.7 


1.1305 


333. 


0.83 


61.30 


62 ' 




9 


96 


3h.k 


39.1 


0.8252 




0,67 


nii.71* 


1*5 




10 


96 


29.5 


.U2.a 


0.5723 


U50.21 


0.61 


31.03 


32 




11 


96 


30.7 


ho. 2 


0,667H 


1*22.86 


0.65 


36.19 


37 ' 






96 


30.7 


IiO.2 


0.667U 


li22.86 


0.65 


36.19 


37 - 


15 


13 


96 


30.7 


liO.2 


O.667I1 


1*22.86 


0.65 


36.19 


37 






96 


30.7 


UO.2 


0.66TU 


1*22.86 


0.65 


39.19 


37 




.15 


96^- 


30.7 


liO.2 


0.667*t 


1*22.86 


0.65 


36.19 


37 




16 


96 


30.7 


U0;2 


O.667U 


1*22.86 


0.65 


36.19 


37 
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TABLE D 



Test no. U 5 6 T 8 9 10 

Chemicftl emalysis 

- ZBoisture, % 0.1? 0.09 O.OB 0.33 0.21 0.12 0.08 

- biuret, P 0.5^» 0.50 0.1*6 0-58 0.5H O.56 O.58 

- Formurea 80./^ 0.39 0.^3 O.llO O.38 O.llO .0.U2 0.U8 

Physical analysis 

- crushing strength, kg 



1 .T5 fflm 0 


0.8? 


0.98 


0.T3 


0.60 


0.9? 






2.0 sim 0 


0.98 


■ 1.61 


0.91 


0.8? 


1.1(0 


1.68 


2.08 


2.5 xom 0 


1.30 


2.0? 


1.26 


0.9T 


1.78 


2.21 


2.68 


3.1? sun 0 




2.35 




1-?5 


2.0T 


2.76 


3.03 


ll.OO inm 0 




3.TI 




1-n 


3.21 


3.9U 


i|.l*3 


TVA abrasion test 
















^ 1.2? smt 


2.8 


<1 


1 


<i 


<1 


< 1 


<1 



CMMS; 

1. A process for producing urea cranules, characterised by 
sprayinB an aqueous ui-ea solution havinfl a urea concentration of 70-99.9J8 
tsy wei^t on to fluidited urea nuclei in the fora of droplets having a 
mean drop diameter of 20-120 ym at a temperature at which tjie water is 
evaporated from the solution sprayed on to the nuclei, and urea 
crystallizes on the nuclei > to form Granules having a desired size. 

2. A process according to claim 1 , vherein the urea solution 
contains by vei^t of urea. 

3. A process according to claim 1 or 2, wherein the urea solution 
is sprayed in the form of droplets having a mean drop diameter of 
30-100^. . 

U. A process according to claim 3» wherein the droplets have a ^ 

mean drop diameter of 30-60 ym. 

5. A process according to any one of claims t-U, wherein the urea 
solution contains a crystollization retardant for the urea. 

6. A pro^^ according to claim 5, vhercin the ciystaUization 
retardant coinprises formaldehyde or a water-soluble addition or condensation 
product of formaldehyde and urea in a proportion of 0.1-2^, calculated. 

as formaldehyde on the weight of the urea solution. 

7. A process according to claim 6, wherein the crystalli-zation 
retardant is used in a proportion of 0.1-1?, in particular 0.5-1*, 
calculated as formaldehyde on the weight of the urea solution. 

8. A process according to any one of claims 5-7, wherein the 
crystallization retardant used is an aqueous solution consisting of 
approximately 20 parts by weight of water, 23 parts by weight of urea 
and 57 parts by wei^t of formaldehyde, with approximateHy 55? of the 
formaldehyde being substantially bonded as trimethylolurea and the balance 
of the formaldehyde being present in non-bonded condition. 
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9. A process according to any one of claims 1-8, wherein 
the urea solution h&inq sprayed has a crystallization point 
belov lOO^C, whereby practically no biuret is formed during 
the granulation. 

10. A process according to any one of claims 1-9, vjherein 
the resulting granules are subjected to subsequent drying 
with air of 100 - 150^0, so that the temperature of the 
granules is maintained between 70 and 90^C. 

11. A process according to any one of claims 1 - lo, wherein 
the resulting granules are cooled to a temperature of approx- 
imately 30°C or lov7er. 

12. A process for producing urea granules according to 
claim 1 and substantially as hereinbefore .described . 

13. A process for producing urea granules, substantially 
as hereinbefore described with reference to any one of the 
individual tests of the foregoing Example 1 or of the fore- 
going Example II. ' 

14. Urea granules when produced by a process as claimed 
in any one of the preceding , claims • 

15. Urea granules according to claim 14 having properties 
as defined in any one of individual tests 1 to 18 of the 
foregoing Examples I and II. 
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